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IMPROVEMENTS IN OR RELATING TO 
COMMUNICATION SYSTEMS 



5 The present invention relates to communication system, in particular a 
communication comprising a first network at the host site and a second network 
at a user site and means for the first network to monitor the functionality of 
network elements in the second network without placement of first network 
elements with the second network. More particularly, the first network may be a 

10 synchronous digital hierarchy (hereinafter SDH) network and the second 
network may be an Ethernet network. There is also provided a method for the 
same. 

Figure 1 illustrates a prior art managed communication system 10, wherein 
15 there is provided a SDH network comprising interconnected SDH network 
elements 12 and 14 situated at a host site 16 and an SDH network element 18 
situated at a user site 20. The functionality of the SDH network elements 12, 14 
and 1 8 is monitored by a SDH network management system 22, connected to 
the SDH network elements 12, 14 and 18, and which is arranged to either 
20 constantly or periodical assess the operation of all the SDH network elements 
12, 14 and 18 and to report faults associated with the SDH network elements 
12, 14 and 18. 

The user site 20 has a Ethernet network situated thereat and a network 
25 termination element 24, connected to SDH network element 18, which is 



2005/004394 



PCT/EP2004/051279 



2 

arranged to convert SDH format information at terminal 26 into Ethernet format 
information provided at terminal 28 which is fed into the Ethernet network. SDH 
format information is transported between SDH network elements 12, 14 and 
18, via an SDH link 30 between the host 16 and user 20 sites to arrive at the 
5 network termination element 24. It will be understood that the network 
termination element 24 is also arranged to convert Ethernet format information 
received from the Ethernet network at terminal 28 into SDH format information, 
provided at terminal 26, for transportation over the SDH network elements 12, 
1 4 and 1 8 and the SDH link 30. 

10 

Furthermore, it will be understood that the SDH network management system 
22 can determine the functionality of the SDH network element 18 located at a 
user site 20 and whether or not the SDH format information has successfully 
been transported between the host 16 and user 20 sites via SDH link 30. 

15 

At the user site 20, the SDH network element 18 and the network termination 
element 24 can also be interconnected via channel 32 so that the SDH network 
element 18 can determine whether or not the network termination element 24 is 
functioning correctly, and importantly, whether or not Ethernet format 
20 information is present at the terminal 28 of the network termination element 24. 



In this manner, the SDH network management system 22 can determine via 
interrogation of the SDH network element 18, which is turn interrogates the 
network termination element 24, whether or not Ethernet format information is 
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present at terminal 28. Therefore, this communication system 10 is said to be 
managed as the SDH network management system 22 can determine from the 
host site 16 whether or not Ethernet format information is present at terminal 
28. 

5 

However, it will be noted that this type of communication system 10 requires 
that a SDH network element 18 be present at the user site 20 and that a SDH 
link 30 be connected between the host 1 6 and the user 20 sites to transport 
what is essentially Ethernet information in SDH format. This is an expensive 
10 means of ensuring that the SDH network management system 22 has visibility 
of the functionality of terminal 28 at the user site 20. 

♦ 

An alternative to the managed communication system illustrated in Figure 1 is 
the implementation of a cheaper non-managed prior art communication system 

15 40, as illustrated in Figure 2. Communication system 40 comprises a SDH 
network having interconnected SDH network elements 42 and 44 situated at a 
host site 46. The functionality of the SDH network elements 42 and 44 is 
monitored by a SDH network management system 48, connected to the SDH 
network elements 42 and 44, and which is arranged to either constantly or 

20 periodical assess the operation of all the SDH network elements 42 and 44 and 
to report faults associated with the SDH network elements 42 and 44. 

A user site 50 has an Ethernet network situated thereat and an opto-electrical 
converter 52 which is arranged to convert optical Ethernet format information at 
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terminal 54 into electrical Ethernet format information provided at terminal 56 
which is fed into the Ethernet network. Ethernet format information is 
transported between SDH network element 44 and the opto-electrical converter 
52 via a network termination element 58, located at the host site 46, and 
5 connected to SDH network element 44. The network termination element is 
arranged to convert SDH format information at terminal 60 into optical Ethernet 
format information provided at terminal 62. The Ethernet format information is 
then transported between the host 46 and user 50 sites via Ethernet link 64 to 
arrive at terminal 54 of the opto-electrical converter 52. 

10 

It will be understood that the opto-electrical converter 52 is also arranged to 
convert electrical Ethernet format information received from the Ethernet 
network into optical Ethernet format information that can be transported via 
Ethernet link 64 to network termination element 58. Furthermore, the network 
15 termination element 58 is also arranged to convert optical Ethernet format 
information received from the Ethernet network, via the Ethernet link 64, into 
SDH format information for transportation over the SDH network elements 42 
and 44. 

20 At the host site 46, the SDH network element 44 and the network termination 
element 58 may also be interconnected via channel 66 so that the SDH network 
element 44 can determine whether or not the network termination element 58 is 
functioning correctly and whether or not Ethernet format information is present 
at the terminal 62 of the network termination element 58. 



• 
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In this manner, the SDH network management system 48 can determine via 
interrogation of the SDH network element 44, which is turn interrogates the 
network termination element 58, whether or not Ethernet format information is 
5 present at terminal 62. 

However, it will be noted that in this communication system 40, the SDH 
network management system 48 can only determine the functionality of the 
SDH network elements 42 and 44 and network termination element 58 located 
10 at a host site 46 and has not means to determine whether not the Ethernet 
format information has successfully been transported between the host 46 and 
user 50 sites via Ethernet link 64, or that the opto-electrical converter 52 is 
functioning correctly or that electrical Ethernet format information is present at 
terminal 56. 

15 

Therefore, this communication system 40 is said to be unmanaged, as the SDH 
network management system 48 cannot determine from the host site 46 
whether or not Ethernet format information is present at the terminal 56 at the 
user site 50. 

20 

It is an object of the present invention to obviate or mitigate the disadvantages 
associated with the prior art. 

According to a first aspect of the present invention, a communication system, 
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comprises an SDH network and an Ethernet network, the SDH network having 
an SDH network management system to monitor the functionality of network 
elements in the SDH network, the SDH network being arranged to transport at 
least Ethernet information in SDH format across the SDH network, the SDH 

5 network being at least partially situated at a host site and the Ethernet network 
being situated at a user site, the SDH network comprising a SDH network 
element arranged to convert the SDH format Ethernet information into Ethernet 
format information for transportation between the host and user sites via a link 
between the host and user sites, and the Ethernet network comprising a 

10 Ethernet network element to receive the Ethernet format information, wherein 
the SDH network element can request the status of the Ethernet network 
element when the SDH network element is required to update the SDH network 
management system with status information on the functionality of the SDH 
network element and Ethernet network element. 

15 

In this manner, only the SDH network management system is extended to 
monitor the functionality of the Ethernet network elements located at the remote 
user site without having to extend the SDH network in its entirety to the remote 
site. That is, there are no SDH network elements present at the user site, but 
20 the SDH network management system can determine whether or not the 
Ethernet network element is functioning correctly and that there is Ethernet 
format information presented to the Ethernet network element. Accordingly, 
there is a cost saving over the prior art in that SDH network elements, which are 
more expensive than an Ethernet network element, do not have to be situated 
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at the user site to implement a managed SDH and Ethernet network. 

Preferably, the SDH network element may comprise network termination 
equipment. The network termination equipment may comprise an SDH 
5 multiplexer and an associated Ethernet conversion card. 

The SDH network element may be arranged to request the status of the 
Ethernet network element by transmitting the request for status within the 
format of an Ethernet frame transported over the link. Alternatively, the SDH 
10 network element may be arranged to request the status of the Ethernet network 
element by transmitting the request for status between successive Ethernet 
frames transported over the link. 

The Ethernet network element may be arranged to provide a response to the 
15 request for status from SDH network element by transmitting the response 
within the format of an Ethernet frame transported over the link. Alternatively, 
the Ethernet network element may be arranged to provide a response to the 
request for status from SDH network element by transmitting the response 
between successive Ethernet frames transported over the link. 

< 

20 

The Ethernet network element may also be arranged to provide status 
information to the SDH network element by transmitting the status information 
within the format of an Ethernet frame transported over the link. Alternatively, 
the Ethernet network element may be arranged to provide status information to 
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the SDH network element by transmitting the status information between 
successive Ethernet frames transported over the link. Thereby, the Ethernet 
network element can generate an unprompted alarm that is transmitted to the 
SDH network element. 

5 

The SDH network element may also be arranged to issue an instruction to the 
Ethernet network element by transmitting the instruction within the format of an 
Ethernet frame transported over the link. Alternatively, the SDH network 
element may be arranged to issue an instruction to the Ethernet network 
10 element by transmitting the instruction between successive Ethernet frames 
transported over the link. Thereby, the SDH network element can change the 
status of the Ethernet network element by issuing instructions that are 
transmitted to the Ethernet network element. 

15 Preferably, link may be a point-to-point optical link. Furthermore, the Ethernet 
network element may comprise an opto-electrical converter. 

The SDH network element may be further arranged to convert Ethernet format 
information received from the Ethernet network into SDH format information for 
20 transportation across the SDH network. 



According to another aspect of the invention there is provided a method of 
communicating for a SDH network and an Ethernet network, the method 
comprising monitoring the functionality of network elements in the SDH network 
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using an SDH network management system, arranging the SDH network to 
transport at least Ethernet information in SDH format across the SDH network, 
situating the SDH network at least partially at a host site and situating the 
Ethernet network at a user site, arranging a SDH network element of the SDH 

5 network to convert the SDH format Ethernet information into Ethernet format 
information and transporting the Ethernet format information between the host 
and user sites via a link between the host and user sites, and receiving the 
Ethernet format information with a Ethernet network element at the Ethernet 
network, whereby the SDH network element can request the status of the 

10 Ethernet network element when the SDH network element is required to update 
the SDH network management system with status information on the 
functionality of the SDH network element and/or Ethernet network element 

According to a third aspect of the invention a communication system, comprises 
15 an first network and a second network, the first network having an network 
management system to monitor the functionality of network elements in the first 
network, the first network being arranged to transport at least some information 
intended for the second network across the first network in a format compatible 
with the first network, the first network being at least partially situated at a host 
20 site and the second network being situated at a user site, the first network 
comprising a network element arranged to convert the format of the information 

* 

intended for the second network into second network format information 
compatible with the second network for transportation between the host and 
user sites via a link between the host and user sites, and the second network 
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comprising a network element to receive the second network format information 
wherein the network element of the first network can request the status of the 
network element of the second network when the network element of the first 
network is required to update the network management system of first network 
5 with status information on the functionality of the network element of the first 
network and/or the network element of the second network. 

According to a fourth aspect of the invention there is provided a method of 
communicating for a first network and a second network, the method 

10 comprising monitoring the functionality of network elements in the first network 
using a network management system, arranging the first network to transport at 
least some information intended for the second network across the first network 
in a format compatible with the first network, situating the first network at least 
partially at a host site and situating the second network at a user site, arranging 

15 a network element of the first network to convert the format of the information 
intended for the second network into second network format information 
compatible with the second network and transporting the second network 
format information between the host and user sites via a link between the host 
and user sites, and receiving the second network format information at the 

20 second network with a network element of the second network, whereby the 
network element of the first network can request the status of the network 
element of the second network when the network element of the first network is 
required to update the network management system of first network with status 
information on the functionality of the network element of the first network 
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and/or the network element of the second network. 

The invention will now be described, by way of example only, with reference to 
the accompanying drawings, in which: 

5 

Figure 1 illustrates a first prior art communication system comprising an SDH 
network and a managed Ethernet network; 

Figure 2 illustrates a second prior art communication system comprising an 
10 SDH network and a non-managed Ethernet network, and 

Figure 3 illustrates an embodiment of the communication system according to 
the present invention. 

15 Referring to Figure 3, there is shown a communication system 70 according to 
the present invention, wherein there is provided a SDH network 72 (note only 
partially illustrated) comprising interconnected SDH network elements 74 and 
76 situated at a host site 78, for example a local exchange. The functionality of 
the SDH network elements 74 and 76 is monitored by a SDH network 

20 management system 78, connected to the SDH network elements 74 and 76, 
and which is arranged to either constantly or periodical assess the operation of 
all the SDH network elements including network elements 74 and 76 and to 
report faults associated with the SDH network elements including network 
elements 74 and 76. 
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A user site 80 has ah Ethernet network 82 situated thereat and a user network 
termination element 84 which is arranged to convert optical Ethernet format 
information at terminal 86 into electrical Ethernet format information provided at 
5 terminal 88 which is then fed into the Ethernet network 82. 

Ethernet format information is transported between SDH network element 76 
and the user network termination element 84 via a host network termination 
element 90, located at the host site 78, and connected to SDH network element 
10 76. The host network termination element 90 is arranged to convert SDH 
format information at terminal 92 into optical Ethernet format information 
provided at terminal 94. The Ethernet format information is then transported 
between the host 78 and user 80 sites via Ethernet link 96 to arrive at terminal 
86 of the user network termination element 84. 

15 

It will be understood that the communication system 70 is bi-directional, that is 
that the user network termination element 84 is also arranged to convert 
electrical Ethernet format information received from the Ethernet network 82 
into optical Ethernet format information that can be transported via Ethernet link 
20 96 to the host network termination element 90 and that the host network 
termination element 90 is also arranged to convert the optical Ethernet format 
information received from the Ethernet network 82, via the Ethernet link 96, into 
SDH format information for transportation over the SDH network 72. 
At the host site 78, the SDH network element 76 and the host network 
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termination element 90 are interconnected via channel 98 so that the SDH 
network element 76 can determine whether or not the host network termination 
element 90 is functioning correctly and whether or not optical Ethernet format 
information is present at terminal 94 of the host network termination element 90. 

5 Furthermore, the SDH network element 76 and the user network termination 
element 84 are interconnected via channel 100 so that the SDH network 
element 76 can determine whether or not the user network termination element 
84 is functioning correctly and whether or not electrical Ethernet format 
information is present at terminal 94 of the host network termination element 90. 

10 It will be noted that channels 98 and 100 could be the same channel with 
appropriate coding or two separate channels. 

Host termination element 90 could be a SDH multiplexer and associated 
Ethernet interface card arranged to communicate with SDH network element 76 
15 over channel 98. The user network termination element 84 could be an 
Ethernet media-converter arranged to also communicate with the SDH network 
element 76 over channel 1 00. 

It will be noted the SDH network element 76 could be arranged to request the 
20 status of the user termination element 84 by transmitting a request for status as 
part of the format of an Ethernet frame transported over the Ethernet link 96 
and the user termination element 84 could be arranged to provide a response to 
the request for status from SDH network element 76 by transmitting the 
response as part of the format of an Ethernet frame transported over the 
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Ethernet link 96. 

Alternatively, the SDH network element 76 could be arranged to request the 
status of the user termination element 84 by transmitting a request for status 
5 between successive Ethernet frames transported over the Ethernet link and the 
user termination element 84 could be arranged to provide a response to the 
request for status from SDH network element 76 by transmitting the response 
between successive Ethernet frames transported over the Ethernet link. 

10 It will of course be understood that a combination of the above described 
transportation techniques for the request for status from the user termination 
element 84 and response with status information from the user termination 
element 84 could be deployed in the communication system 70. 

* 

15 In this manner, the SDH network management system 78 can determine via 
interrogation of the SDH network element 76, which is turn interrogates the host 
network termination element 90, whether or not optical Ethernet format 
information is present at terminal 94 and the network management system 78 
can determine via interrogation of the SDH network element 76, which in turn 

20 interrogates the user network termination element 94, whether or not electrical 
Ethernet format information is present at terminal 88. 

It will be noted that the SDH network management system 78 can also 
determine via interrogation of the SDH network element 76, which in turn 
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interrogates the host network termination element 90 and/or the user network 
termination element 94, a number of different status indicators, including, but 
not limited to carrier sense error, deferred transmissions, excessive collisions, 
frame check sequence errors, excessive frame lengths, internal media access 
5 channel receive errors, late collision frame, multiple collision frames, correct 
total broadcast frames received, correct total frames received, correct total 
frames transmitted, correct total multicast frames received and correct unicast 
frames received. 

10 Therefore, this communication system 70 comprises a Ethernet network 82, the 
input to which is managed via the SDH network management system 78 as the 
latter can determine from the host site 78 whether or not Ethernet format 
information is present at terminal 84 at the user site 80. Accordingly, since the 
communication system 40 as described above with reference to Figure 2, does 

15 not provide such a facility the present invention is considered to be an 
improvement over that communication system 40. 

Furthermore, it will be noted that this invention does not require that a SDH 
network element 18 be present at the user site 20 and that a SDH link 30 be 
20 connected between the host 16 and the user 20 sites to transport what is 
essentially Ethernet information in SDH format, as described with reference to 
the communication system 10 in Figure 1. Therefore, again, the present 
invention is considered an improvement over prior art communication system 

10. 



2005/004394 



PCT/EP2004/051279 



16 

Furthermore, the user termination element 84 can be arranged to provide status 
information to the SDH network element 76 by transmitting the status 
information within the format of an Ethernet frame transported over the Ethernet 
5 link 96. Alternatively, the user termination element 84 can be arranged to 
provide status information to the SDH network element 76 by transmitting the 
status information between successive Ethernet frames transported over the 
Ethernet link 96. Thereby, the user termination element 84 can generate an 
unprompted alarm that is transmitted to the SDH network element 76. 

10 

The SDH network element 76 may also be arranged to issue an instruction to 
the user termination element 84 by transmitting the instruction within the format 
of an Ethernet frame transported over the Ethernet link 96. Alternatively, the 
SDH network element 76 may be arranged to issue an instruction to the user 
15 termination element 84 by transmitting the instruction between successive 
Ethernet frames transported over the Ethernet link 96. Thereby, the SDH 
network element 76 can change the status of the user termination element 84 
by issuing instructions that are transmitted to the user termination element 84. 

20 It will be understood that in relation to the invention, the term "information" can 
mean communication, message, frame or traffic. 



